The G box is a well-characterized cis-acting 
retic mobility shift assays, we have isolated a cDNA clone encoding a protein that is part of the in vitro protein/G box complex. The derived amino acid sequence is homologous to a class of proteins in m a brains described as protein kinase C inhibitors and as activators of tyrosine and trytophan hydroxylases, the rate-limiting enzymes in the pathways leading to the catecholamines and serotonin. The fact that a homologous member ofthis regulatory protein family is found in plants and is associated with binding to transcriptional regulatory elements suggests a much wider role for these proteins.
The expression of alcohol dehydrogenase (Adh) genes in plants is organ-specific and environmentally inducible by hypoxic conditions (1) (2) (3) . Transient expression studies (3, 4) , in vivo footprinting (5, 6) , and in vitro DNA binding studies (5, 7) have identified several cis regulatory elements within the Arabidopsis Adh promoter, among them the G box (5'-CCACGTGG-3'). The G box motif is moderately conserved in Adh genes from Arabidopsis (6) and maize (8) and is also found in the promoters of several diverse plant genes, such as the ribulose-1,5-bisphosphate carboxylase small subunit (RbcS) genes of several plants (9) , the parsley chalcone synthase gene (10) , and the wheat early-methionine-labeled polypeptide (Em) gene (11) . Although the Adh, RbcS, chalcone synthase, and Em genes are all cell-type-specific and inducible, the tissues in which these genes are expressed, their modes of induction, and their protein functions are distinct. For example, Adh is expressed in non-green tissues, induced by anaerobiosis, and repressed in leaves (1-3), whereas Rbcs is only expressed in green tissues and induced by light (9) . The Em gene is induced by abscisic acid (11) , whereas Adh can be induced by 2,4-dichlorophenoxyacetic acid (3, 6) .
Various versions ofthe G box are also found in animal gene promoters, such as the sequence within the simian virus 40 major late promoter (12) . G box binding factors (GBFs) are widely distributed in various organs of plants (5, 9) and are also found in yeast (13) . These facts imply that the G box is a general cis-acting element that is involved in the regulation of many types ofgenes. Further characterization ofthe G box binding complexes is necessary to determine whether multiple GBFs (5) of Arabidopsis thaliana suspension cells by minor modifications of previous protocols (7) . Monoclonal anti-GBF hybridoma cell supernatants were produced according to standard methods (15) . Hybridoma cell supernatants were individually screened to identify supernatants with the ability to alter the mobility of the protein/G box complex in a modification of the electrophoretic mobility shift assay (see below).
Recovery of a cDNA Clone to Part of the DNA Big Complex. One of the supernatants that tested positive in the electrophoretic mobility shift assay was used to screen 2 x 106 bacteriophage plaques of a Agtll library commercially prepared (Clontech) from an Arabidopsis suspension cell culture (16) . This cell culture constitutively expressed Adh (6) . Positive clones were plaque purified and the EcoPJ inserts were amplified by PCR using Agtll primers and subcloned into pUC18. The longest cDNA clone, pLU14, was sequenced on both strands by automated dideoxy methods on an Applied Biosystems Incorporated (ABI) 373 (8) and was digested with the indicated restriction enzymes, subjected to 1% agarose gel electrophoresis, and tranferred to GeneScreen (NEN/Dupont) (16, 18) . Total RNA from Arabidopsis suspension cells or plants was prepared (2) and electrophoresed in a 2.2 M formamide/1.5% agarose gel.
Samples were blotted onto GeneScreen (16) . The blots were hybridized with 32P-labeled pLU14 insert and washed at a high stringency that is capable of differentiating maize Ad)h) from Adh2 (2) . Bands were visualized by autoradiography.
Total protein was extracted using SDS sample bufer (19) . Cell extracts were prepared as described (5, 7). Three micrograms ofE. coli expressed fusion protein and 50 pg of cell extract or 5 ug of partially purified GBF complex or 50 pAg of total proteins from different seedling parts were separated by 12 .5% SDS/PAGE (19) and electrotransferred to nitroceilulose membrane (S&S NC, Schleicher & Schuell). The blots were probed with the hybridoma supernatant and the crossreactions were visualized by ECL Western blotting detection reagents (Amersham).
Southwestern Blot Away. Nuclei were isolated as described (20) . After washing the nuclei three times with extract buffer (15 mM Hepes, pH 7.6/110 mM KCl/5 mM MgCl2/1 mM dithiothreitol/l mM phenylmethylsulfonyl fluoride), the nuclear proteins were prepared (5) . Fifty micrograms of nuclear protein was incubated with S l of anti-GF14 ascitic fluid in NEBD buffer (7) without 2-mercaptoethanol for 4 hr on ice. The immunoprecipitin (BRL) was then added, and the incubation was continued for another 3 hr. After washing the immunoprecipitated pellet two times with NEBD buffer, 1x SDS buffer was added for loading on 12.5% SDS/PAGE gels. The Southwestern blot assay was done as described (21). The same blot was then used for the Western analysis.
RESULTS
Recovery of a Monoclonal Antibody to a Part of the Proteln/G Box Complex. A panel of monoclonal antibodies was prepared against partially purified GBF to recover antibodies to the DNA binding proteins as well as any other proteins associated with the protein/G box complex. As an initil screen, all hybridoma cell supernatants were tested in an adaptation of the electrophoretic mobility shift assay (14, 22, 23) . In the assay, partially purified GBF was used to form a protein/G box complex (Fig. 1, lane 4) and incubation of the complex with a positively reacting supernatant caused a shift of this complex to a slower electrophoretic mobility (Fig. 1,  lane 11) .
The phenomenon of antibody shifting of protein/DNA complexes (14, 23) is referred to as "supershifting." Control incubations with the medium used to grow the hybridoma cells (Fig. 1 , lane 9) and antibody supernatant from an unrelated experiment (Fig. 1, lane 10) failed to demonstrate any supershifting ability. The anti-GF14 supernatant had no G box binding activity (Fig. 1, lane 3) . Furthermore, the bound G box complex (B) and slower mobility complex (S) were competitively inhibited by unlabeled G box (Fig. 1,  lanes 7 and 12) but not by the mutant (Fig. 1, lanes 8 and 13) . Four hybridoma cell lines testing positive in the supershift assay were recovered out of several hundred tested. All four antibody supernatants recognized a small family of proteins of -30 kDa in a protein blot analysis (data not shown). anti-GF14; lane 4, partially purified Arabidopsis GBF extract; lanes 5 and 6, GBF in the presence of an additional 15 pg of BSA or 100 mM KCI, demonstrating that additional protein or salt has little effect on GBF activity; lanes 7 and 8, competition of GBF activity by 100-fold excess unlabeled G box but not by 100-fold excess of mutant G box; lanes 9-11, GBF extract in the presence of hybridoma medium, an unrelated antibody supernatant, and anti-GF14, showing tha a supershited band (S) occurs only in the presence ofanti-GF14; lanes 12 and 13, competition ofthe supershifted complex by 100-fold excess of G box but not by 100-fold excess of mutant G box. S, B, and F denote antibody/protein/G box complex, protein/G box complex, and free G box, respectively. The medium, nonspecific antibody, and anti-GF14 were dialyzed for 4 hr against 4000-fold excess of NEBD buffer without 2-mercaptoethanol.
eDNA Clnfn. One supernatant causing a supershift of the protein/G box complex (Fig. 1, lane 11) (Fig. 2, residues 59-65) . The carboxyl and amino termini are acidic, similar to the activation domain of transcription factors such as Vp) (17) , FOS (24) , GALA (25) , and GCN4 (26) . There is a sequence resembling a leucine zipper, but it consists mainly of isoleucines and is not preceded by a basic domain homologous to known bZIP proteins (27) .
The cDNA is very nearly full length, as mRNA blot analysis indicates a single mRNA of -1200 bases even when heavily loaded (Fig. 3A) . Genomic Southern blot (16, 18)
ATCTCAsATCTssCCCTCTTToATTCTTCTTCCTTAoATCOATTCTCTCTAKoA AATOOCOTCTOOOCOTOAAOAOTTCOTATACATOOCTAAOCTCOCOOAoCAAoCO analysis indicates that GF14 is likely to be a member of a small family of closely related genes (Fig. 3B) . This conclusion is strengthened by Western blot analysis of crude cell extracts as well as partially purified GBF complex (Fig. 3C) in which four or five proteins of 27-32 kDa molecular mass are recognized by the monoclonal antibody.
Confinnaton of Parti pation In G Box/Protein Cops. To confirm that GF14 is part of the protein/G box complex, GF14 was expressed in E. coli (17) with a 43-residue aminoterminal addition resulting from the vector and the 5' leader. The recombinant GF14 product (34 kDa, Fig. 3C in the E. coli extracts but failed to bind DNA in a mobility shift assay (data not shown). Therefore, the partially purified recombinant GF14 was used in a supershift competition assay to verify that native GF14 is part of the protein/G box complex. Supershifted native protein/G box/antibody complexes (Fig.   4A , complex S) were titrated with increasing amounts of recombinant protein or with BSA as a control. Clearly, the recombinant protein competively inhibits the protein/G box/ antibody complex (Fig. 4A, lanes 2-6) , whereas BSA has no effect (lanes [7] [8] [9] [10] [11] . These data provide confirmation that GF14 is a part of the protein/G box complex. However, the lack of detectable DNA binding activity from the recombinant protein suggests that GF14 is improperly processed in E. coli such that DNA binding abilities were lost or that GF14 is not a DNA binding protein in and of itself.
To characterize further the association between GF14 and the GBF DNA binding complex, we carried out Southwestern and Western assays on a blot of nuclear proteins precipitated with anti-GF14. Labeled G box incubated with the protein blot detects a group of DNA binding proteins near 69 kDa in crude nuclear extracts as well as in nuclear proteins precipitated with anti-GF14 (Fig. 4B, lanes 3 and 2) . Probing the same blot with anti-GF14 (lanes 6 and 5) (Fig. 5A) . However, the GF14 mRNA is undetectable in leaves (Fig. 5A, lane 3) . As shown in Fig. 5B , a family of 27-to 32-kDa polypeptides was clearly present in flowers, siliques, and cells and barely detectable in leaves, consistent with the RNA blot assay (Fig. 5A) . The GF14 protein pattern is qualitatively different among the various organs (Fig. SB) . This may indicate that individual members of this protein family exhibit organ-specific expression. element. An adaptation of the electrophoretic mobility shift assay was used as a screen of hybridoma supernatants to identify antibodies specific to a protein/DNA complex. The antibodies were subsequently used to recover a cDNA encoding a protein named GF14. Electrophoretic mobility shift and immunoprecipitation assays indicate that GF14 is physically associated with the protein/G box complex but does not bind DNA in and of itself. In the presence of monoclonal anti-GF14, the protein/G box complex is shifted to a slower migrating form in the electrophoretic assay, and the slower migrating complex (S) demonstrates the same competition specificity as does the bound G box complex (B) (Fig. 1) . Immunoprecipitation of nuclear proteins with anti-GF14 reveals coprecipitation of GF14 and bona fide G box binding proteins of about 69 kDa, yet Western analysis shows no cross-reactivity between GF14 and the DNA binding proteins.
Although we present here the complete sequence of one GF14 cDNA, it appears that GF14-like proteins are a small family of very closely related sequences. Preliminary sequencing of other GF14 cDNAs reveals amino acid similarities of >90% among the members of the family, and several different monoclonal antibodies all behave like the anti-GF14 described in this report (unpublished observation). Thus our conclusions regarding potential GF14 structure and function are extended to the other members of the protein family until such time as functionally unique properties might be assigned to individual members.
GF14 is not homologous to any of the putative G box binding proteins that have been isolated from plants. There are several examples ofbZIP proteins that have been isolated from expression libraries by means of their ability to bind G box oligonucleotides (11, (28) (29) (30) 
6. Alignment of amino acid sequence from the derived GF14 protein with sequences of the KCIP (36) and 14-3-3 protein (p-chain) (33) in the single-letter amino acid code. Completely conserved residues are boxed. Amino acid alignments were obtained and manually edited using the GENEWORKS program from IntelliGenetics.
presence of a heterologous partner protein, such as the 69-kDa proteins detected on Southwestern assay (Fig. 4B) .
A search of the GenBank data base (32) found no similarity with any proteins known to interact with DNA or participate in protein/DNA complexes. Homology was revealed instead with a small class of proteins from mammalian brains heretofore described as kinase-dependent activators of tryptophan and tyrosine hydroxylases (14-3-3 proteins) (33, 34) and inhibitors of protein kinase C (KCIP) (35, 36) (Fig. 6) .
The 14-3-3 protein and KCIP were studied for some time in mammalian brains for their separate activities before the structural homology between the two was identified. Their activities are potentially interrelated in that both involve Ca2+ and protein kinases. The 14-3-3 proteins were characterized as activators oftyrosine and tryptophan hydroxylases in the presence of Ca2+/calmodulin-dependent protein kinase II (33, 34) . The tyrosine and tryptophan hydroxylase activities lead to the production of the neurotransmitters dopamine and serotonin, respectively. However, recent results have shown that the 14-3-3 proteins are also found in tissues where the hydroxylase activities are absent (37) , suggesting the potential for other roles for the 14-3-3 proteins. The KCIPs were characterized as potent inhibitors of protein kinase C (35) . Protein kinase C activity is nearly ubiquitous in animals and mediates a wide range of physiological processes in a Ca2+/phospholipid-dependent manner (38, 39) . Currently, it would appear that the 14-3-3/KCIP family of proteins serves a broad set of perhaps interrelated functions involving kinases, Ca2+, and other second messengers.
Based on the degree of similarity among the GF14, 14-3-3, and KCIP, especially in the regions of kinase recognition (Fig. 6 , residues 57-72) and the potential activation domain for tyrosine and tryptophan hydroxylases (Fig. 6 , residues 168-233), we predict that GF14 proteins may likewise function in the regulation of protein kinase activity and biosynthesis of neurotransmitter compounds in plants. There is a wide distribution of neurotransmitter compounds (40) and kinase C-like activities (41) in plants, though their physiological roles are poorly understood. The results presented here further indicate that GF14 is involved in binding to a general cis-acting element, the G box, that is present in the promoters of many classes of genes. These facts suggest central and evolutionarily conserved roles for these proteins in the regulation of diverse cellular processes.
Note. While this manuscript was under review, 14-3-3 homologs were reported from Oenothera and spinach (42) .
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